The remarkably filamentary spatial distribution of young stars in the Taurus molecular cloud has significant implications for understanding low-mass star formation in relatively quiescent conditions. The large scale and regular spacing of the filaments suggests that small-scale turbulence is of limited importance, which could be consistent with driving on large scales by flows which produced the cloud. The small spatial dispersion of stars from gaseous filaments indicates that the low-mass stars are generally born with small velocity dispersions relative to their natal gas, of order the sound speed or less. The spatial distribution of the stars exhibits a mean separation of about 0.25 pc, comparable to the estimated Jeans length in the densest gaseous filaments, and is consistent with roughly uniform density along the filaments. The efficiency of star formation in filaments is much higher than elsewhere, with an associated higher frequency of protostars and accreting T Tauri stars. The protostellar cores generally are aligned with the filaments, suggesting that they are produced by gravitational fragmentation, resulting in initially quasi-prolate cores. Given the absence of massive stars which could strongly dominate cloud dynamics, Taurus provides important tests of theories of dispersed low-mass star formation and numerical simulations of molecular cloud structure and evolution.
Introduction
The Taurus-Auriga molecular cloud long has been a touchstone for studies of star formation. Although Taurus is not typical of most (massive) star-forming regions, its proximity and low extinction mean that its stellar population is the best determined of any star-forming cloud. Perhaps more importantly, Taurus is relatively quiescent, with low turbulent velocities and a lack of massive stars to dissociate, ionize, and otherwise disrupt the cloud. If the simple, static models of the original paradigm of low-mass star formation (e.g., Shu, Adams, & Lizano 1987) can be applied anywhere, they should work in Taurus.
The spatial distributions with which stars are formed can provide important clues to the processes of star formation. Even though Taurus does not contain populous clusters, many of its stars fall into loose groups (Jones & Herbig 1979; Gomez et al. 1993) . So far, the most detailed studies of the stellar spatial distribution in Taurus have considered the two-point correlation function (Gomez et al. 1993 ) and the related mean surface density of companions (MSDC; Larson 1995) . Larson (1995) found that the MSDC exhibited roughly two distinct power-law distributions at small and large scales, the inner region corresponding to close binaries and multiple systems, and the outer region representing the clustering properties of the stars. A break between these two distributions was identified at about ∼ 0.04 pc, which Larson suggested was the Jeans length in Taurus (see also Simon 1997 and Bate, Clarke, & McCaughrean 1998) .
The molecular gas in Taurus has long been recognized to be filamentary in nature (e.g., Schneider & Elmegreen 1979; Scalo 1990; Mizuno et al. 1995) . It is also well-recognized that the young stars are strongly correlated with gas and dust; i.e., that the stellar distribution must exhibit filamentary structure as well. However, the extent of the stellar filamentary distribution, and its physical significance, has not been given sufficient attention, nor has it been viewed in the context of recent numerical simulations of molecular clouds. The spatial distribution of young objects in Taurus is reexamined from this point of view, with emphasis on its relationship to our previous suggestion that the Taurus cloud (like other nearby molecular clouds) was formed by large-scale flows in the interstellar medium (Ballesteros-Paredes, Hartmann, & Vazquez-Semadeni 1999, BHV; Hartmann, Ballesteros-Paredes, & Bergin 2001, HBB) .
Spatial distribution

Sample
The basic sample of young stars in Taurus used in this paper is taken from the tabulation of Kenyon & Hartmann (1995) with various additions. A few new low-mass stars were added from the studies of Briceño et al. (1998 Briceño et al. ( , 1999 . I further added a few stars from the Rosat All-Sky Survey (RASS) studies of Wichmann et al. (1996 Wichmann et al. ( , 2000 .
Some investigators have argued that the RASS identified large numbers of previously unknown, much older Taurus members (e.g., Neuhäuser et al. 1995; Wichmann et al. 1996) , a claim that does not hold up under detailed scrutiny (Briceño et al. 1997; Martin & Magazzu 1998; HBB) . However, for present purposes any possible older population is unimportant, because these stars can and probably have dispersed significantly from their birthsites, and so their positions reveal little about star formation processes. For this reason neither the "post-T Tauri" stars identified on the basis of Li by Martin & Magazzu (1998) nor the "zero age main sequence" stars of Wichmann et al. (2000) have been included. I have also eliminated a number of stars originally in Kenyon & Hartmann (1995) which were taken from the study of Walter et al. (1988) , based on low Li abundances and also positions in the HR diagram indicating ages greatly in excess of 10 Myr. Note that if all potential pre-main sequence X-ray members were added to the sample, there would be little effect on the subsequent conclusions, because these stars are widely dispersed spatially, and thus constitute a small fraction of the objects in the area under consideration. Figure 1 shows the spatial distribution of young stellar objects superimposed upon the 12 CO map of Megeath, Dame, & Thaddeus (2002) . Apart from a few small, localized, widely distributed groups (the largest of which is the L1551 group), most of the Taurus stars are found in three nearly parallel, elongated bands. Even the two groups or mini-clusters of L1495 lie at the western end of the main band. The stellar bands lie along parallel filaments in the molecular gas, recognized earlier from extinction studies (Schneider & Elmegreen 1979) . (In the following I use the term "band" to refer to extended distributions of stars, and use "filament" to refer to the narrower dense gas structures and stars near these densest structures.) Figure 2a shows the spatial distributions of the young stars in the central Taurus region, along with the positions of optically-determined cloud cores from the unbiased survey of Lee & Myers (1999) . The overall regularity of the structure is perhaps clearer than in the 12 CO gas. Three main bands of stars appear to be roughly parallel and approximately spaced apart by a projected distance of about 1.5 degrees, ∼ 3.7 pc at the 140 pc distance of Taurus (Kenyon, Dobryzcka, & Hartmann 1994) . The two groups of the L1495 region are separated from the main stellar band by a similar distance. Figure 2b shows the distributions of objects sorted into groups somewhat arbitrarily for further analysis; for example, groups 1 and 2 might be merged into one group. Comparison with Figure 2a shows that only a few, widely-dispersed objects have been deleted from the sample. Stars near the two dense groupings in L1495 have also been marked. The members of the groups shown in Figure  2b are listed in Table 1 . Figure 3 shows schematically the approximate positions of the 13 CO filaments identified by Mizuno et al. (1995) superimposed upon the stellar distribution. The positions of the main groups are correlated with the main clusters of gaseous filaments. There is clearly significant substructure within the main bands, especially in the regions of Group 1 and L1495, while Groups 3 and 4 show significantly simpler and much more linear filamentary structure, consistent with the spatial distribution of the stars, as discussed further in §2.3.
Group structure
The 13 CO data demonstrate a velocity difference between Groups 1 and 2 (connecting the clouds B213, L1521, and Heiles Cloud 2), but this difference may simply reflect the large-scale velocity gradient in Taurus. For the same reason the filament extending westward from the Group 3 may be part of the same structure. Several filaments connect the two concentrations of the L1495 cloud at the western end of the complex, suggesting that these concentrations should be considered together. Figure 4 shows the distribution of Class I and optical cores. These objects are more closely correlated in space than the Class II and Class III sources. In particular, the Group 3 objects centered near (l,b = 174, -16) display a remarkably linear structure (associated with the B18 cloud). This structure is considered in more detail in the following section. A section of Group 1 near (l,b = 171, -16 ) is associated with the narrow B213 filament, and also displays a remarkably narrow structure.
Ages and spatial dispersion
It would not be surprising if the members of these spatially-concentrated groups are in general younger than the rest of the Taurus population. One simple, likely indicator of age is the spectral energy distribution class. One would expect that the Class 0 -I objects (protostars, with remnant infalling envelopes) are in general younger than the (mostly) optically-visible T Tauri stars. In turn, since accretion disks dissipate over time, one would expect the Class III objects (stars without accreting disks) to be older than the Class II objects (T Tauri stars with disk accretion onto the central star). However, there are many Class III objects in Taurus with ages similar to those of Class II stars (Kenyon & Hartmann 1995) , showing that the Class II/Class III dichotomy is not merely a function of age. Here the classes listed in Kenyon & Hartmann (1995) have been used when available; otherwise, the 10Å criterion for the Hα equivalent width has been used to distinguish Classical T Tauri stars (II) from Weak T Tauri stars (III).
Of the 204 objects in the total Taurus sample, the numbers of Class I/II/III objects are 24/108/72. The same numbers for groups 1-4 are 19/51/18. 1 (Here the two class I/II objects in the samples, HK Tau and Haro 6-13, have been divided into one net Class I and one net Class II for counting purposes.) L1495 by itself has only one class I object; the ratios are 1/26/13. The total numbers divided by class for the four groups plus L1495 are 20/77/31; therefore, the numbers are 4/31/41 for the Taurus objects outside of the groups and L1495. There is an unsurprising excess of Class I objects in the groups, since the groups are strongly correlated with the dense gas where protostars form. The results also indicate a significant excess of Class III sources in the more distributed population, which would suggest a significant dispersal of accretion disks over a timescale comparable to the median age of Taurus, ∼ 2 Myr (Palla & Stahler 2000) .
A more direct test of age differences is to plot an HR diagram for the T Tauri stars. Figure  5 shows the results for objects for which spectral types and stellar luminosities are available from either Kenyon & Hartmann (1995) or Briceño et al. (1998) . There is some suggestion that the non-grouped stars are older, although much of the effect may be due to inclusion of the L1551 group, which previously has been found to exhibit a wide age spread (Gomez et al. 1992) . To examine the possible difference in ages in the least model-dependent way, I consider the luminosity distributions of group and non-group stars over a modest range of effective temperature; the luminosity distribution then corresponds to an age distribution (e.g., Hartmann 2001) . A two-sided Kolmogorov-Smirnov test of the luminosity distributions of K7-M1 stars indicates no strongly significant difference between the group and non-grouped stars, and thus does not support a significant difference in age for this mass range. Any possible age difference between the group and non-group T Tauri stars needs to be investigated further, with more complete estimates of stellar luminosities and effective temperatures, along with additional examination of possible systematic errors (Hartmann 2001) .
The presence of such well-defined bands and filaments in the stellar spatial distribution implies that the stars in the groups must be relatively young and that the internal velocity dispersions must not be very large. One can take advantage of the remarkably linear structure of Group 3 to investigate this in a simple way. A least-squares linear fit to the positions of the Class I objects and cores in galactic coordinates, first removing the one core that deviates strongly (B18-2; Lee & Myers 1999) , yields the dotted line shown in Figure 4 . The rms dispersion in distance of these 19 objects (13 cores and 6 Class I or I/II objects) from the line is 0.0667 degree, or ∼ 0.16 pc. This is remarkably small considering the total length of the distribution is ∼ 3.93 degree ∼ 9.6 pc. The spatial dispersion of the 17 Class II and Class III objects from the same line is somewhat larger, ∼ 0.148 degree ∼ 0.37 pc; the dispersion of Class II objects alone is only marginally smaller, ∼ 0.31 pc. It should be noted that this difference in spatial dispersion between the Class I/cores and the II/III objects is marginally significant, only about 2.3 standard deviations.
Assuming that the difference in spatial dispersion between the Class I objects and cores on the one hand, and the T Tauri stars on the other, is real and is due entirely to dispersal and not to a difference in birth sites, then an upper limit to the velocity dispersion can be estimated. Assuming the average age of the Taurus stars of ∼ 2 Myr (Palla & Stahler 2000; see Hartmann 2001 for the difficulty in assigning individual ages to young stars), this would imply that the Class II/Class III objects of group 3 have a velocity dispersion perpendicular to the filament (in the plane of the sky) 0.2 km s −1 , comparable to the sound speed at 10 K. If these stars are systematically younger than average (see above), the upper limit to the dispersion might be somewhat larger; on the other hand, the true birthsites of these objects could be more widely spread than the Class I/core objects. In any event, the implied small velocity dispersion emphasizes the quiescent nature of this filament.
Surface density analysis
As mentioned in the Introduction, the spatial structure of the Taurus YSOs has previously been discussed in terms of companions per unit area, either with the MSDC (Larson 1995; Simon 1997) or the two-point correlation function (Gomez et al. 1993) . On large scales, Larson (1995) estimated that the MSDC was approximately a power-law, ∝ θ −0.62 , and suggested that this indicated hierarchical clustering, perhaps of a fractal nature. The slope of the MSDC changed dramatically at small scales 0.02 degree ∼ 0.05 pc, at which point binary and multiple systems dominate the rapid rise in the MSDC. Larson interpreted this break as setting the Jeans length in Taurus. Figure 6 shows an updated version of the MSDC, including additional members of Taurus not known earlier. As discussed in Simon (1997) , it is difficult to estimate errors for the MSDC or correlation function because the data bins are not independent. The errors in Figure 6 have been crudely estimated by dividing the Taurus stars into four samples and calculating the resulting dispersion (averaged slightly among bins). Here I concentrate on the structure of the MSDC outside of the "binary" or companion star regime, log θ ≥ −2; the innermost region has been treated in detail by Simon (1997) .
Using smaller spatial bins spanning a larger range of separations than considered by Larson (1995) or Simon (1997) , the MSDC exhibits an apparently significant break near log θ = −1, which is only hinted at in the results of Simon (1997) but appears more clearly in the results of Gomez et al. (1993) (see their Figure 2 ). The large-scale MSDC slope is steeper, ∼ −0.98 ± 0.04, than found by Larson or Simon. The difference appears to be that the previous investigators binned over larger size scales, and limited the fit to smaller scales, so that their fits spanned the turnover at log θ = −1.
The MSDC, Σ(θ) ∝ θ s , is the number of companions per unit area, which depends not only upon the tendency of stars to group together, but also the overall geometry of the star-forming region. Consider a simple model in which stars are distributed roughly uniformly along an (infinitely long) filament. On scales larger than the filament width, the number of companions to any given star will increase linearly with increasing distance, while the (two-dimensional) area increases as the square of the distance; thus, the slope of the MSDC should approach s ∼ −1. On scales smaller than the filament width, if the stars are uniformly distributed in space, the MSDC will be flat, s ∼ 0. If the stars within the filament tend to be more clustered, s will be negative, while if there is a tendency for the stars to be no closer than a certain distance, s can be positive.
I thus suggest that the filamentary structure in Taurus is mostly responsible for the slope s ∼ −1 at large separations, and that the stellar distribution does not exhibit a fractal structure (see Blitz & Williams 1997 for a similar conclusion concerning fractal structure in the gas). There may be problems with this interpretation on the largest scales, because some of the filaments are only a few degrees long; on the other hand, eliminating all the bins with θ > 1 degree would still yield a similar slope at the largest scales considered. The break between the large-scale structure and the binary distribution at approximately 0.25 pc probably indicates the typical filament width, or some average spacing between stars, or both ( §3.3).
Discussion
Filaments and turbulence
One of the major problems in molecular cloud formation and evolution is the nature and source(s) of turbulent motions in clouds. Turbulence clearly plays a role in the dynamics of molecular clouds (e.g., Larson 1981) ; however, recent numerical simulations show that MHD turbulent motions decay rapidly in molecular clouds, generally on a crossing time or free-fall time (Stone, Ostriker, & Gammie 1998; Mac Low et al. 1998; Padoan & Nordlund 1999; Mac Low 1999) . If clouds last for a "long time", this rapid damping of MHD turbulence requires the continual injection of turbulent energy to "support" the cloud against its self-gravity. On the other hand, if clouds do not have long lifetimes (BHV; HBB; Elmegreen 2000), then turbulence need not be regenerated (BHV; Elmegreen 2000; HBB; Pringle, Allen, & Lubow 2001). Locally-generated, stellar-driven turbulence must be important in many regions, especially those in which high-mass stars are formed. Taurus would seem to be a good candidate for minimal effects of local turbulence because it lacks highmass stars, though low-mass stars may inject substantial amounts of energy through their bipolar outflows (Matzner & McKee 1999 .
Although the general filamentary structure of gas and stars in Taurus has been recognized for some time, its extent is remarkable; the main band (groups 1 and 2) extends essentially from one end of the complex to the other. Furthermore, the other bands are roughly parallel to the main structure. This large-scale organization of the Taurus clouds strongly suggests that any turbulence present must be dominated by a large-scale component, or alternatively, not driven mostly on small scales, a conclusion reinforced by recent numerical simulations of molecular clouds. Many simulations often adopt an ad hoc driving force or velocity field, or an initial spectrum of density fluctuations, with a fixed distribution of amplitudes and spatial wavenumbers (e.g., Heitsch, MacLow, & Klessen 2001; Ostriker, Stone, & Gammie 2001; Klessen & Burkert 2000) . Consider specifically the simulations of Klessen & Burkert (2000 and Klessen (2001) , who studied the dynamical evolution of an isothermal molecular cloud in a cubical volume, with various assumptions about initial density fluctuations and driving of turbulence on a variety of scales. Unsurprisingly, in the Klessen & Burkert (2000 simulations with density fluctuations leading to velocity perturbations, or in the Klessen (2001) simulations with energy driving, calculations with significant power in small spatial wavenumbers (on small spatial scales) lead to small-scale structure, while simulations with driving at low wavenumbers (large spatial scales) lead to larger-scale structure, in particular the formation of filaments with large spatial extent relative to the size of the computational volume (for example, Figure 1 
of Klessen 2001).
Based on these simulations, as well as simple considerations, it seems unlikely that local turbulent energy injection has produced the bands and filaments of Taurus. Rather, I conjecture that the Taurus cloud structure is consistent with large-scale driving of turbulence. If, as BHV and HBB suggested, large-scale flows are responsible for the formation of the Taurus molecular cloud, such large-scale driving could produce large-scale turbulence and complex-wide structure. These conclusions are in agreement with the suggestion of Burkert & Mac Low (2002) that such largescale driving is dominant in many molecular clouds. This is also consistent with observations of low-density, non-self-gravitating molecular clouds, in which structure is observed (sometimes filamentary) that must be driven by external flows (Falgarone et al. 1998; LaRosa, Shore, & Magnani 1999; Sakamoto 2002) .
The large-scale magnetic field in the Taurus region is well-ordered, and oriented roughly perpendicular (in projection) to the filaments (Moneti et al. 1984; Heyer et al. 1987) . This is also consistent with large-scale, ordered turbulence, as simulations with comparable magnetic and flow energies show that the turbulent motions carry the field around as much as the field channels the flow (see discussion in HBB). In this way the magnetic field may provide a preferential direction for concentration.
In general, one might expect that colliding flows tend to produce more sheet-like distributions than filaments, although both are possible results of turbulence (e.g., Klein & Woods 1998) . One way of producing filaments from sheets, suggested by Schneider & Elmegreen (1979) , and pointed out to the author by P. Myers (personal communication) , is by gravitational fragmentation (e.g., Miyama et al. 1987a,b; Nakajima & Hanawa 1996) . Using the extreme limiting case of an isothermal, static, self-gravitating sheet, the critical wavelength is ∼ 2πH, where H is the scale height (Larson 1985) . The ∼ 3.7 pc separation of the filaments would then suggest a full thickness of the initial sheet of only ∼ 1 pc. The sheet thickness could be even less if one assumes that the filaments are produced by the fastest growing modes, not the critical one (e.g., Miyama et al. 19897a,b; Nakajima & Hanawa 1996) . As the Taurus molecular gas is not static but contains supersonic turbulence, and as it is highly unlikely to be in hydrostatic equilibrium, these estimates is highly uncertain. Nevertheless, if the thickness of the sheet or individual filaments were much greater than 1 pc, they would have to be oriented almost precisely along the line of sight. This seems unlikely, particularly for the Group 3 structure; an intrinsically filamentary structure seems more probable (e.g., Schneider & Elmegreen 1979 ).
In addition, if the clouds are produced by oblique flows, the resulting turbulent velocity dispersion in the post-shock flow might well be anisotropic, providing a preferential direction for gravitational contraction. Numerical simulations are needed to test this possibility for enhancing formation of filaments.
Filaments and fragmentation
Broadly speaking, there are two extreme views of how protostellar cores are fragmented from their surrounding molecular cloud. One posits gravitational fragmentation into Jeans-mass-sized objects (e.g., Larson 1985) ; the other supposes that turbulent flows concentrate mass into cores which then are gravitationally-bound (e.g., Padoan & Nordlund 1999) , or that the cloud has a highly complex, hierarchical if not fractal structure (Elmegreen 1997 ) not primarily driven by gravity. The true situation must fall somewhere in between these extremes, as star-forming clouds exhibit supersonic turbulence which must be damped to some extent before gravitational collapse can proceed, and any concentrations of gas formed by turbulence will only form stars if they satisfy a Jeans criterion. Larson (1985) emphasized that gravitational fragmentation generally requires the presence of substructure, such as sheets or filaments, to provide a smaller scale length than the entire cloud. The fragmentation length is generally a small multiple of a characteristic scale length in the gas (e.g., Oganesyan 1960a,b; Chandrasekhar & Fermi 1953) . In an equilibrium self-gravitating sheet or filament, for example, the scale height is by definition the length scale over which pressure forces can resist gravity; the Jeans length along the sheet or filament then must be a few times larger than the scale height.
The filamentary structure of the stellar distribution in Taurus suggests that gravitational fragmentation in the filaments should be considered as a mechanism for forming cores. The extreme contrary view, in which flows create isolated cores, is difficult to fit in with the observed linear morphology of Taurus; one would expect much more distributed, "frothy" or bubble-shaped structures. It should be acknowledged that some of the stars in Taurus may result from such flows, particularly in the more distributed areas, and perhaps such flows are responsible for formation of tighter groups such as the L1551 region; however, even some of the distributed regions do appear to be elongated, and there is evidence in the 12 CO map for an extended gaseous filament to the west of L1551 (see Figure 1) .
Although the Taurus filaments exhibit supersonic motions, it is useful to begin by reviewing the properties of isothermal, infinite, self-gravitating cylinders as a starting point. Consider a cylinder infinitely extended in the z direction, with R the radial distance in cylindrical coordinates. The critical line density (mass per unit length in the z direction) is a function only of temperature (Ostriker 1964 
where c s is the isothermal sound speed. Assuming a mean molecular weight of 2.36m H , this line density corresponds to
where T 10 is the gas temperature in units of 10 K. Line densities above this critical value result in collapse in the R direction. The Jeans length in the z dimension for the cylinder of critical line density is (Larson 1985 )
or λ c = 1.5
Here A V is the visual extinction through the center of the filament, and Σ is the corresponding surface density, where I use the conversion A V = Σ/4.4 × 10 −3 g cm −2 . The corresponding critical mass for this fragment is (Larson 1985 )
The filament has a density structure as a function of cylindrical radius R of
where the scale height H is given by
A fragmenting filament will clearly be elongated in the z direction, at least initially (Oganesyan 1960b; Chandrasekhar & Fermi 1953; Larson 1985) . In terms of the diameter of the filament at which the density falls to one-half its central value, d(ρ) = 2.57H, the aspect ratio is λ c /d(ρ) = 3.09.
In terms of the half-mass diameter d(m) = 4H (e.g., Ostriker 1964), the aspect ratio is λ c /d(m) ∼ 2. Note that the aspect ratio is independent of temperature and density.
It is also of interest to consider the linear growth time for gravitational instability. Larson (1985) 
Now compare this limiting static model with the real Taurus filaments and bands. Table 2 lists lengths and number densities of stars in the several groups. For the purpose of determining line number densities for the main regions of the groups, the westernmost member of group 3 and the easternmost one and two members of groups 2 and 4, respectively, have been eliminated. The resulting line densities are remarkably similar, ∼ 4 stars pc −1 ; only the L1495 group(s) exhibit much higher density. This line density implies an average distance to the nearest (stellar) neighbor of about 0.25 pc; this is similar to the estimated ∼ 0.3 pc for the median nearest-neighbor distance for all of Taurus found by Gomez et al. (1993) , and is consistent with the break seen in the MSDC in Figure 6 .
Masses are not available for all of the individual objects (for example, the Class I sources), and in any event mass determinations are subject to uncertainties in evolutionary tracks and binary/multiple companion masses. For the purpose of a rough comparison, it suffices to estimate the average system mass as about 1M ⊙ , a number arrived at by adopting the typical Taurus stellar mass of ∼ 0.7M ⊙ and recognizing that most objects in Taurus are members of multiple systems (Simon et al. 1995) . The stellar bands in Taurus thus have a typical line density of roughly 4 M ⊙ pc −1 , approximately 1/4 of the the critical line density of the equilibrium isothermal filament at 10 K.
The stars in the groups constitute less mass than the associated gas. To estimate this, I turn to the C 18 O survey of Taurus by Onishi et al. (1996 Onishi et al. ( , 1998 . Adding up the masses of C 18 O cores identified in the B18 cloud (corresponding to the main region of Group 3) results in a total of 126M ⊙ spanning about 3.6 pc, or about 35 M ⊙ pc −1 . As a check, a similar density ∼ 30 M ⊙ pc −1 is found for the B213 filament (in Group 1). These values are approximately twice the critical density for the equilibrium isothermal filament at 10 K. (Note that Onishi et al. [1996] estimate a possible uncertainty of a factor of two in conversion from the C 18 O measurements to total molecular hydrogen density.)
The difference between the average line densities of the stellar groups, which (outside of L1495) are about 1/4 of the critical value for a static isothermal cylinder, and that of the dense gas at about twice the critical value, indicates the limited efficiency of star formation at the present epoch. As star formation is clearly still continuing, given the large proportion of Class I sources in the groups, the stellar density may increase from the present value. If one adopts the estimate that the average age of the Taurus stars is ∼ 2 Myr (Palla & Stahler 2000) , and that molecular clouds in the solar neighborhood disperse after a timescale of order 4 Myr or less (HBB), it is possible that Taurus is only about halfway through forming stars; in this case the ultimate stellar density in the groups might approach half the critical value, an efficiency of conversion of 18 CO dense filamentary gas to stars of order 25%.
The average column density of the starless cores, as estimated by Onishi et al. (1998) , is ∼ 5 × 10 21 cm −2 , or A V ∼ 5. Inserting this value into equations (4), (5), and (8) yields λ c ∼ 0.3 pc, M c ∼ 5 M ⊙ , and τ ∼ 0.7 Myr, all assuming hydrostatic equilibrium at 10 K. These size scales, masses, and lifetimes are comparable to the average properties estimated for NH 3 or optical cores in Taurus (Jijina, Myers, & Adams 1999; Lee & Myers 1999 ).
This picture is consistent with the structure of the MSDC. Although Larson (1995) interpreted the break at ∼ 0.02 degree ∼ 0.05 pc as the Jeans length in Taurus, it seems more reasonable to interpret the break in the MSDC at 0.25 pc scale as the true average Jeans length. This is roughly consistent with the results of Blitz & Williams (1997) , who found a characteristic length scale in 13 CO emission in Taurus of order 0.25-0.5 pc, and similarly identified this with the Jeans length. It is possible that this length corresponds to the width of a filament, but this is closely related to the Jeans length as discussed above, and it is not clear how to distinguish these possibilities from the MSDC. In any event, because the protostellar clouds are not generally rotationally supported, collapse to a smaller structure will likely result in fragmentation into binaries or multiple systems with separations smaller than the original cloud Jeans length. This provides an explanation of the two breaks in the MSDC, one at the scale log θ ∼ −1.7 or r ∼ 0.05 pc marking the appearance of binary systems, and the other at 0.25 pc corresponding to the Jeans length. 2 Implicit in this discussion is the idea that the stars have not dispersed far from their birthsites, as suggested by the narrow distribution of Group 3.
One problem in comparing the observations with a static model is that the average velocity dispersion seen in the C 18 O cores (∼ 0.4 km s −1 for starless regions) is considerably larger than the sound speed at 10 K, ∼ 0.19 km s −1 (although in the densest regions the velocity dispersion in the gas approaches the thermal value much more closely; Rydbeck et al. 1977; Myers, Linke, & Benson 1983; Barranco & Goodman 1999) . Thus, the equilibrium cylinder may be used only as a guide to the true physical situation. However, the simulation of Nakajima & Hanawa (1996) of filament formation from a static sheet suggests that a relatively quiescent and static filament might be present for some reasonable period of time; in their model, supersonically-moving material which passes through a shock before accreting into the (relatively static) filament. Onishi et al. (1998) , who also proposed that gravitational fragmentation is operating in the C 18 O filaments, suggested that the line width should be interpreted in terms of an additional turbulent pressure support. If this were the case, changing the effective sound speed upward by a factor of two would increase the characteristic length scale to a value of order 1 pc, and the characteristic mass would be closer to 30M ⊙ . The situation might be even more complicated if a non-standard equation of state were used in which turbulent pressure increases with decreasing density (e.g., McLaughlin & Pudritz 1997) . However, the observed velocity width may not represent simply pressure support but more complex motions (Ballesteros-Paredes, Vazquez-Semadeni, & Scalo 1999) . If the average line density in the filaments really does exceed the critical value, the filaments could be collapsing radially, which might explain part of the observed velocity dispersion. Alternatively, one might be detecting the supersonic motions of material accreting onto (relatively static) filaments, as in the calculations of Nakajima & Hanawa (1996) .
Another problem is the efficiency of star formation. It appears that only a fraction ∼ 25% of dense filament gas will become stars. Léorat, Passot, & Poquet (2000) and Klessen, Heitsch, & Mac Low (2000) showed that small scale driving is needed to prevent gravitational collapse. Outflows or other protostellar energy input on small scales from local sources, i.e. objects located within the filament, may be required to disperse filamentary gas and limit star formation (e.g., Adams & Fatuzzo 1996; Matzner & McKee 1999 .
Protostellar core structure
This picture of gravitational fragmentation suggests that the fragmenting cores might be elongated (e.g., Schneider & Elmegreen 1979 ). The static model suggests aspect ratios of 2-3, as discussed above, comparable to the average aspect ratio for optical cores of 2.4 found by Lee & Myers (1999) . Moreover, the cores show a tendency to be elongated along the filaments (e.g., Myers et al. 1991) , as would be predicted by the static model. Figure 7 shows the spatial distribution and position angles of all elongated optical cores studied by Lee & Myers (1999) . The cores tend to be elongated along the filamentary structure (Myers et al. 1991 ). The alignment is particularly strong in the group 3/B18/L1506 region; only 2 of the 13 cores have orientations deviating by more than about 30 degrees from the overall orientation of the filament. Note that Myers et al. (1991) showed that many tracers -NH 3 , extinction, etc. -show similar elongations on differing scales, and so the choice of optical core properties does not bias the results. It is also worth noting that Tachihara et al. (2000) found a similar trend for cores to be aligned with filaments in Ophiuchus.
Again, one must emphasize that static models are not necessarily applicable to the dynamic conditions in Taurus. However, the numerical simulations of Klessen & Burkert (2000) found that the gravitationally-unstable clumps were often elongated as part of a larger filamentary structure, suggesting that the qualitative results of the static stability analysis are relevant.
Some cores are aligned at large angles to the overall filamentary structure. However, in several cases these objects lie near more complex filamentary structure seen in 13 CO (for example, the two cores near l=172, b=-15.5 are situated along a filamentary section which runs nearly perpendicular to the overall filamentary structure, as shown in Figure 3 ). The more complex structure seen in the 13 CO map suggests that small-scale structure can play a non-negligible role in driving star formation. Along these lines, it is worth noting that the filamentary structure near the L1495 "double group" is quite complicated (cf. Figure 3) , leading to the speculation that intersecting smaller-scale flows have led to building up a larger mass concentration which can then fragment into groups that are denser than the other filaments (cf. Table 2), a feature observed in the simulations of Klessen & Burkert (2000 and Klessen (2001) .
Models of collapsing clouds indicate that close binary or multiple star formation is best achieved by clouds which are not highly centrally concentrated initially, and upon which some non-axisymmetric perturbation is imposed (Boss 1995, and references therein; Boss 1997; Bodenheimer et al. 2000) . In this regard the collapse of an elongated cylinder might be nearly ideal for producing binaries (e.g., Boss 1993), which Taurus seems to do at a rate exceeding that of the field (Simon et al. 1995 , and references therein).
In a recent paper Jones & Basu (2002; see also Jones, Basu, & Dubinski 2001) suggest that cores are in general triaxial, closer to prolate on large scales but more nearly oblate on small scales. 3 It is difficult to reconcile the picture of oblate cores with the filamentary organization of Taurus cores and their clear systematic orientation along the filaments, especially in group 3. Fragmentation out of a filament could produce oblate objects if contraction occurs along the filament; but then the long axes of the cores would be aligned perpendicular to the filament, not parallel as observed. In this context, Curry (2002) has performed an additional analysis of cores shapes and concluded that most are quasi-prolate, assuming random orientation of inclinations, and has also pointed out the likelihood of fragmenting cores out of filaments.
Alternatively, one might suppose that the Taurus filaments are more elongated along the line of sight than their minor axes projected upon the sky would indicate; in this way fragmentation into long pieces along the filament could be consistent with quasi-oblate objects. However, this would require that the sheets be viewed nearly edge-on to appear filamentary. A test of this idea would be to study core orientations relative to the larger-scale filamentary structure in other regions. If cores are systematically oriented closely along their natal filaments in most or all regions, it is unlikely that this can be attributed to projection effects, and would favor the quasi-prolate configuration.
It is also important to consider the evolution of a collapsing flattened structure. Consider for example the calculations performed by Hartmann et al. (1994) for the isothermal self-gravitating sheet. In the early stages of gravitational collapse, a central condensation initially forms which is much rounder than the initial configuration -this is a natural product of gravity operating on a scale of order the sheet scale height or smaller. This structure persists until material in the shortest dimension has been able to fall in. In other words, the cloud structure is not that of a uniform (quasi-) ellipsoid on all scales. This may be consistent with the finding of Jones & Basu (2002) , who suggest that protostellar clouds are more prolate on large scales even if more oblate on small scales. A strong central density concentration which is more nearly spherical does not mean that the parent core was not highly elongated, nor that subsequent infall will be spherical. Observations with higher spatial resolution, spanning a wider range of densities, would be helpful in sorting among these possibilities.
Dynamic star formation
If protostellar cloud cores are generally (roughly) prolate, at least on larger scales, this poses problems for hydrostatic equilibrium models of cores supported primarily by magnetic fields. Curry & Stahler (2001) have developed models of quasi-static cores which are prolate; however, in these models the magnetic field is oriented along the major axis of the cloud. As noted in the previous section, the large-scale magnetic field in Taurus is more nearly perpendicular to the filaments and thus to the core elongations. While there are no direct measurements of field directions in the filaments, it is more plausible to suppose that the field remains roughly perpendicular to the core major axes than otherwise. The model of Fiege & Pudritz (2000) , in which the filaments are constrained by fields with a modest helical component, cannot be ruled out in the absence of more detailed magnetic field measurements, but the maintainence of such helical components seems to require special conditions, e.g., fixing the ends of the helical magnetic field lines to maintain the twist. Curry (2000) has identified prolate equilibria in cylindrical geometry without magnetic fields; however, it is not clear that such solutions are relevant, given the observed high line densities and supersonic turbulence observed in the Taurus filaments.
It seems more likely that the cores are not in hydrostatic equilibrium (Fleck 1992) , which would not require special conditions, though some regions may be relatively quiescent or quasi-static. Because the core lifetimes, of order a few ×10 5 yr (Lee & Myers 1999) , are consistent with the linear growth times for gravitational collapse ( §3.2), there is no need for exact hydrostatic equilibrium. It should be emphasized that if cores are gravitationally fragmenting from (low velocity-dispersion) filaments, the very act of their formation implies contraction on their largest scales, with subsonic motions during the linear growth regime, consistent with the large-scale, slow infall inferred by Tafalla et al. (1998) and Lee, Myers, & Tafalla (2001) .
In a dynamic picture, all that is required is that shock dissipation of turbulent motions produces subsonic flows, in which cores can gravitationally fragment (Padoan & Nordlund 1999; Klessen & Burkert 2000 ). Although cores are unlikely to be in hydrostatic equilibrium, they may start their existence as subsonically-evolving objects in the post-shock gas; for this reason static models of cores still can be used a guide to the more complex physics of real cores.
These considerations suggest the following, highly schematic, picture of low-mass star formation in Taurus (Figure 8 ). Large-scale flows might form either filaments or more likely sheet-like structures (Figure 8a) , which becomes molecular when the accumulated surface density is large enough that A V 1; at this point, self-gravity of the layer becomes important (HBB). An initially sheet-like configuration might collapse laterally to form filaments, either due to turbulent instabilities or gravitational contraction, (Figure 8b , middle figure, side view). The turbulence driven by the flows has a large-scale component, possibly associated with and/or channeled by the large-scale magnetic field; this results in contraction into extended bands or low density filaments. The densest regions of these contracting filaments, where secondary shocks have dissipated more of the turbulent motions, gravitationally fragment into elongated structures which correspond to protostellar cloud cores (Figure 8b, bottom figure, 
top view).
This model is clearly highly schematic; Figure 3 shows that individual dense filaments can be much more complex in structure than outlined here. Furthermore, even at a schematic level this might not necessarily apply to all star formation in Taurus; roughly 60% of the total population do not fall into groups 1-4, and the geometry of the more "clustered" groups (L1495, L1551) is different. On the other hand, it must be recognized that dispersal of gas and stars, which has clearly gone on in Taurus to some extent, will tend to erase any initial structure. Even if the gaseous structure is more complicated in general than long straight filaments (e.g., Figure 3) , the qualitative aspects of sheet formation by flows, flow-driven or gravitational contraction into filaments due to anisotropic turbulent and magnetic pressures, followed by protostellar core fragmentation from filaments may still be applicable.
Conclusions
The spatial distribution of young stars in Taurus is remarkably filamentary and well-organized. The large-scale coherence of the spatial distribution suggests that small-scale turbulence is not dominating the cloud structure, consistent with driving by external flows which could have formed the cloud. The spatial distribution of young stars is consistent with a roughly uniform distribution along bands and filaments, with a spacing comparable to the local Jeans length. The efficiency of star formation in filaments is much higher than elsewhere; the higher frequency of protostars and accreting T Tauri stars indicates that the population in these filaments is relatively young. The protostellar cores from which the stars formed are often elongated along the filaments in which they reside, consistent with formation by gravitational fragmentation. Fragmentation of filaments naturally produces elongated, roughly prolate cloud cores whose structure is well-suited to producing binaries after collapse. Numerical simulations of turbulent clouds with higher spatial resolution, and turbulent driving on large scales, are urgently needed to compare with the observations of this nearby region which constitutes the main example of "quiescent" star formation.
The fragmentation of filaments into stars in Taurus has an echo on larger scales in regions of high mass and clustered star formation, a topic addressed in the second paper in this series.
The discussion of this paper was strongly influenced by my collaboration with Javier Ballesteros, especially the many discussions we have had concerning turbulent support. The paper also benefited greatly from the suggestions, comments, and encouragement of Phil Myers, who also suggested the importance of the roughly periodic banded/filamentary structure of Taurus, and its implications in terms of fragmentation from a sheet-like structure. This work was supported in part by NASA grant NAG5-9670. Lee & Myers (1999) . The dotted line is a least squares linear fit to the objects in the region of group 3 (see text) , sorted between members of the groups and others. The group stars appear to be somewhat younger than the non-group objects, though the result is marginal due to possible systematic errors (see text)
Fig. 6.-The mean surface density of companions (MSDC), Σ(θ), as a function of angular separation θ (degrees). The dotted line is a least-squares linear fit with slope −0.98 to the bins between −0.9 ≤ log θ ≤ 0.7. At small separations the MSDC rises rapidly due to binary and multiple companions The break in slope at log θ ∼ −1 corresponds to a spatial separation of about 0.24 pc at the distance of Taurus.
-26 - Fig. 7 .-Spatial distribution of optical cores from Lee & Myers (1999) , with the orientation of the line indicating the position angle of the core major axis. Fig. 8 .-Suggested outline of star formation in Taurus filaments. Converging large-scale flows in the interstellar medium form a sheet-like structure (a). Magnetic fields may help channel the flow. When sufficient column density is amassed, sheet is subject to gravitational fragmentation into filaments (b) (e.g., Schneider & Elmegreen 1979; Miyama et al. 1987a,b; Nakajima & Hanawa 1996) , possibly aided by anisotropic (large-scale) turbulence and/or magnetic field channelling. The collapsing filaments develop dense cores (top view, bottom part of (b)) which then fragment into protostellar cores (see text). a Total number of stars considered, with outlying objects eliminated (see text): easternmost object in Group 2, westernmost object in Group 3, and the two easternmost members of Group 4 were eliminated.
